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Monday, February 27, 2012 291amembrane at constant rate to certain z-positions normal to the membrane sur-
face. Umbrella sampling simulations starting from those specific z-positions are
then used to reconstruct a potential of mean force where the distance between
the pulled lipid and the membrane is used as reaction coordinate. The simula-
tions allow us to determine the factors (e.g. interfacial interactions, enthalpic/
entropic contributions) affecting the free energy profile and the force needed to
extract a lipid molecule from the membrane. These results are relevant for un-
derstanding processes involving hydrolytic, interfacially active enzymes where
lipids need to be extracted before the enzyme can perform its function. We also
studied the interactions between the antimicrobial magainin homolog MG-H2
with a POPC bilayer and its effect on the free energy profile of extracting the
lipid molecule from the membrane.
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It is experimentally known that the viscosities of aqueous solutions are the
dominant source of friction in the dynamics of lipidic pores in large vesicles.
Building on an existing model of others in which membrane viscosity is as-
sumed to limit pore dynamics, a new theory is developed that also accounts
for aqueous viscosity. The equations that describe pore dynamics leads to
a three-stage pattern, as in the prior theory, but the parameters of the new the-
ory agree with experiments. The dissipation of energy resulting from friction
between a membrane sliding against the aqueous solution, during changes in
pore radius, is derived from fundamental principles of fluid mechanics, and
the derived curve fits experimental data without the need to introduce fitting
parameters. The new theory is dependent on one constant of integration which
is obtained from the fluid mechanical equations for membrane sliding. The the-
ory also provides a new formula to calculate pore edge tension from experi-
mentally obtained data of rapid pore closure. Extending the theory to
smaller liposomes reveals the conditions under which membrane viscosity af-
fects pore dynamics.
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Deformation of liposomes upon adsorption at solid surfaces is an important pa-
rameter that is related to the lipid-surface interactions and that governs the ki-
netics of surface-adsorbed liposome transformations. It is challenging to study
in the case of nm-sized liposomes. The extent of adsorbed liposome deforma-
tion is expected to depend on the bilayer bending modulus. This parameter can
be varied in a predictable manner by changing the temperature. In this study,
we study the adsorption of dimyristoyl phosphatidyl choline (DMPC) lipo-
somes adsorbed TiO2 as a function of temperature by quartz crystal microbal-
ance (QCM). Using model-free analysis of QCM data, We show that the size of
surface-adsorbed DMPC liposomes follows the dependence of this lipid’s
bending modulus on temperature.
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ABSTRACT
The surface potentials of various PPI membranes facing a monovalent salt so-
lution were calculated by using non-linearized Poisson-Boltzmann formula.
The PPI used were PI, PIP and PIP2. As in our earlier study of surface poten-
tials of these PPI membranes, we assumed that the surface charges of the PPI
membranes are distributed on two different surface charge layers from the
membrane surface. The first layer is at the membrane surface, where one of
the phosphate group is linked to the glycerol group, while the second layer
is located at a distance, d, from the membrane surface comprising phosphate
groups on the inositol group in PIP(4) and PIP2(4/5). Such membrane surfaces
are facing a uni-univalent electrolyte solution. We also measured experimen-
tally the surface potentials of these PPI monolayers on various subphase so-
lutions by using an air-ionizing electrode placed just above the monolayer
surface. The subphase solutions used were the monovalent salt solution
with different concentrations of calcium ions added. We recorded the poten-tial DV (monovalent ion only subphase), and DV’ (with the subphse solution
containing calcium ions in addition). We obtained the potential differences
(DV - DV’) which are due to the calcium ion concentrations. With these
data (experimental and theoretical), we deduced the calcium ion concentra-
tions at the PPI membrane surfaces. It was concluded that the calcium ion
concentrations at the PIP2 membrane surfaces are much higher compared
with PI and PIP membranes, even with very small bulk calcium concentra-
tions. This may imply important molecular roles of PIP2 membranes in
many biological systems.
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Simulations offer a well-controlled system to explore lipid monolayer me-
chanical properties. This work concerns the spontaneous curvature and bend-
ing rigidity. Two methods for calculating the spontaneous curvature are
compared, one using the calculated stress of a flat lipid bilayer, one computing
the osmotic pressure of the inverse hexagonal phase at various hydration
levels. New methodology necessary to evaluate the osmotic pressure is pre-
sented, and the limitations of both techniques are discussed. Simulated me-
chanical properties for DOPE and DOPC bilayers are in good agreement
with a closely corresponding published experiment. These results indicate
that the combination of the CHARMM forcefield and software package is
a promising approach for efficiently estimating how lipid chemical features
(e.g., head group, tail length, saturation) determine the mechanical properties
of lipid bilayers.
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Due to their small size, nanoparticles have the ability to penetrate cell mem-
branes, and are therefore classified as potential human carcinogens. Nanopar-
ticle insertion into targeted cells also proves beneficial for drug delivery and
gene therapy applications, prompting a need to more thoroughly characterize
nanoparticle/membrane interactions. Polystyrene nanoparticles with modifica-
tions in surface functionalization and detergent conditions were introduced to
a Langmuir phospholipid monolayer, a model of the outer leaflet of the cell
membrane. Negatively charged (COO- functionalized) detergent free nanopar-
ticles introduced beneath a zwitterionic 1,2-dimyristoyl-sn-glycero-3-phospho-
choline monolayer held at constant, physiological pressure solubilized the
phospholipid layer, removing material from the air/water interface, to a greater
extent than did positively charged (NH3
þ functionalized) nanoparticles. To
further examine the role of lipid charge, negatively charged 1,2-dilauroyl-sn-
glycero-3-phospho-(1’-rac-glycerol) and positively charged 1,2-dimyristoyl-
3-trimethylammonium-propane lipid monolayers were used. Nanoparticles
of opposite charge removed a larger percentage of the monolayer com-
pared to like-chargedparticle/phospholipid systems illustrating the role of
electrostatics.
Ionic and non-ionic surfactants, typically present in nanoparticle solutions to
prevent aggregation, were introduced beneath the monolayer and all detergents
showed significant insertion which directly correlated to surfactant hydropho-
bicity. Adding a low mol% of surfactant to detergent-free nanoparticle solu-
tions decreased the amount of monolayer destruction compared to
nanoparticles alone. At increased detergent concentrations in the nanoparticle
solutions, insertion into the monolayers was intermediate in behavior between
the particles and surfactant alone. To better understand how nanoparticles and
detergents interact with each other and with the membrane, either nanopar-
ticles or detergents were introduced beneath the monolayer, and following
a time lapse, the other component was introduced. A model of detergent se-
questration by the polystyrene nanoparticles has been developed to explain
these results.
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We present a unified continuum-level model for (cholesterolþlipid) membrane
energetics that includes the effects of bending, compression, molecular orien-
tation (tilting relative to the monolayer surface normal), and microscopic noise
(protrusions). Expressions for thermal fluctuation amplitudes of several physi-
cal quantities are given. These predictions are shown to be in good agreement
with molecular simulations.
